Spatial and temporal regulation of sterol biosynthesis in Nicotiana benthamiana.
Nicotiana benthamiana was used as a model to investigate the spatial and developmental relationship between sterol synthesis rates and sterol content in plants. Stigmasterol levels were approximately twice the level in roots as that found in aerial tissues, while its progenitor sterol sitosterol was the inverse. When incorporation of radiolabeled precursors into sterols was used as measure of in vivo synthesis rates, acetate incorporation was similar across all tissue types, but approximately twofold greater in roots than any other tissue. In contrast, mevalonate incorporation exhibited the greatest differential with the rate of incorporation in roots approximately one-tenth that in apical shoots. Similar to acetate, incorporation of farnesol was higher in roots but remained fairly constant in aerial tissues, suggesting less regulation of the downstream sterol biosynthetic steps. Consistent with the precursor incorporation data, analysis of gene transcript and measurements of putative rate-limiting enzyme activities for 3-hydroxy-3-methylglutaryl-coenzyme A synthase (EC 2.3.3.10) and reductase (EC 1.1.1.34) showed the greatest modulation of levels, while the activity levels for isopentenyl diphosphate isomerase (EC 5.3.3.2) and prenyltransferases (EC 2.5.1.10 and EC 2.5.1.1) also exhibited a strong but moderate correlation with the development age of the aerial tissues of the plants. Overall, the data suggest a multitude of means from transcriptional to posttranslational control affecting sterol biosynthesis and accumulation across an entire plant, and point to some particular control points that might be manipulated using molecular genetic approaches to better probe the role of sterols in plant growth and development.